The present work describes the use of a homogeneous ternary mixture of the solvents water, ethanol, and acetone to improve the determination of copper in sugarcane spirit by flame atomic absorption spectrometry. The solvent ratio used (on a volume basis) was 5.0:5.0:15.0 (water:ethanol:acetone). The analytical curve for copper was linear up to a concentration of 6.00 mg L -1 of copper, and could be described by the equation: ΔAbs = 0.1778C Cu + 0.0048 (r 2 = 0.9999), and limits of detection and quantification (calculated using the standard deviation of the blank) were 0.01 and 0.05 mg L -1 of copper, respectively. Use of the proposed homogeneous ternary solvent system provided good stability and a significant increase in sensitivity compared to reference methodology. This increase in sensitivity enables the detection of smaller quantities of copper in sugarcane spirit. The method was applied to determine copper in commercial brands of sugarcane spirits. The results obtained by the proposed method were favorably compared with those given by the reference method.
Introduction
It is important to be able to determine metals at trace levels in different matrices, because although at low concentrations many elements are essential in human biological processes, at higher concentrations they can act as toxins and become prejudicial to health 1 . In the human organism, copper plays a fundamental role as a cofactor of several enzymes, as well as in the uptake of iron [2] [3] [4] [5] [6] . At normal concentrations, it participates in activities involving tyrosinase, cytochrome oxidase, and ceruloplasmin [7] [8] [9] [10] . On the other hand, an excess of copper in the organism causes interference in the catalytic activities of several enzymes, and can lead to neurodegenerative diseases such as Wilson's disease, Menkes syndrome, aceruloplasminemia, sclerosis, rheumatoid arthritis, Alzheimer's disease, and autism death [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In excess, copper can also be carcinogenic and cause melanoma, a malignant cancer characterized by the appearance of black growths on the skin, leading to blindness and death [7] [8] [9] [10] .
In Brazil, sugarcane spirit is defined by Normative Instruction n° 13 sugarcane, or by distillation of the fermented must of sugarcane 17 . It is normally produced using copper stills, which provides a better quality product, compared to stills manufactured using other materials such as stainless steel. Many studies have described a catalytic role of copper during the distillation process, contributing to the elimination of undesirable odors found in spirits distilled using equipment composed of other materials. Nevertheless, the use of copper stills can result in contamination of the product with the metal, especially following inappropriate cleaning procedures [18] [19] [20] . The contamination occurs during the distillation process, when the copper that comprises the internal walls of the still is exposed to humid air containing carbon dioxide, becoming slowly oxidized and coated with a greencolored layer of copper(II) dihydroxycarbonate (CuCO 3 Cu(OH) 2 ), commonly known as verdigris. This compound can be dissolved by the acidic and alcoholic vapors, hence contaminating the distillate 11, 18, [20] [21] [22] . For these reasons, the copper content of sugarcane spirit is regulated by national legislation, with a maximum concentration of 5.00 mg L -1 permitted in commercial products 17, 23 . In the European Community, for example, the maximum content of copper permitted in alcoholic distillates is 2.00 mg L -1 24 . Organic solvents can be used to increase the sensitivity of analytical measurements performed using flame atomic absorption spectrometry (FAAS), by improving the processes of nebulization and combustion of the sample [25] [26] [27] . However, if the organic solvent is simply inserted into originally aqueous samples, the measurements can show poor reproducibility and operational errors can occur when solvents are changed 28 .
The use of a homogeneous mixture of solvents, also called a single phase solution, is advantageous, because the single phase then presents mixed properties analogous of both water and organic solvents, and has the capacity to dissolve both organic and inorganic compounds 29 . This type of single phase solution can be used in a variety of different analytical techniques.
Ternary solvent mixtures have been used in FAAS analyses 28, 29 , providing a significant increase in sensitivity and good reproducibility for a single phase system composed of the solvents water, ethanol, and acetone, compared to purely aqueous systems. An additional benefit is that the use of ternary solvent systems substantially reduces the cost of analysis, avoiding the use of pure solvents 29 .
To the best of our knowledge, there is not report on the use of the ternary solvent mixture combined with FAAS analytical method for the determination of copper in sugarcane spirits. Thus, the aim of the present study was to improve the methodology for detection of copper in sugarcane spirit, employing FAAS with a homogeneous ternary mixture of the solvents water, ethanol, and acetone.
Materials and methods

Apparatus
The absorbance measurements were performed using a Hitachi Z-8200 flame atomic absorption instrument (Mitorika, Ibaraki, Japan) equipped with polarized Zeeman effect background correction and a hollow cathode copper lamp (Hitachi model 208-2011). The operating conditions were: lamp current of 10 mA, wavelength of 324 nm, slit width of 1.3 nm, burner height of 7.5 mm, oxidizing gas (air) flow rate of 15 L min -1 , and fuel gas (acetylene) flow rate of 2.2 L min -1 . All the absorbance measurements were performed in triplicate.
Phase diagram and determination of proportions of solvents in the ternary system
Ten different proportions of solvents were chosen to produce the water-ethanol-acetone phase diagram, according to the Figure 1 , as recommended by Cornell 30 for this type of study. The compositions of the mixtures of solvents were determined such that the individual points were distributed symmetrically throughout the ternary solvent diagram. The concentration of copper was maintained constant at 2.50 mg L -1 (inserted using the aqueous fraction of the solvent mixture).
The results of the absorbance measurements were treated according to the procedure described by Arthur System 31, 32 . In the phase diagram obtained, the working region was demarcated considering the range of alcohol contents of sugarcane spirit (38-54%, v/v). Within this region, selection was made of the composition of the single phase solution of the three solvents that provided best sensitivity. The absorbance measurements were performed using a Hitachi Z-8200 flame atomic absorption instrument (Mitorika, Ibaraki, Japan) equipped with polarized Zeeman effect background correction and a hollow cathode copper lamp (Hitachi model 208-2010). The operating conditions were: wavelength of 324 nm, slit width of 1.0 nm, burner height of 7.4 mm, oxidizing gas (air) flow rate of 12 L min -1 , and fuel gas (acetylene) flow rate of 2.0 L min -1 . All the absorbance measurements were performed in triplicate. 
Analytical calibration curves
Calibration curves were constructed using six points, with the concentration of copper varied from 1.00 to 6.00 mg L -1 . The first curve was prepared using the methodology for analysis of alcoholic distillates, with aqueous solutions containing 50.0% (v/v) ethanol (reference method) [33] . The second curve was constructed using the homogeneous ternary waterethanol-acetone solvent mixture, employing the proportions of solvents established in the preceding step (5.0:5.0:15.0, v/v, respectively), with the copper being introduced in the aqueous portion of the single phase system. All the absorbance measurements were performed using the same instrumental conditions described previously.
Evaluation of the precision and accuracy of the method
Four samples of sugarcane spirit were simulated in the laboratory, using an aqueous solution containing around 50% (v/v) of ethanol. The alcohol content was measured using a densitometer specific for alcohol. The samples were spiked with different concentrations of copper (1.00, 3.00, 5.00 and 6.00 mg L -1 ) and analyzed using the single phase methodology, and the reference methodology in quintuplicate, under the instrumental conditions described above (section 2.1.). In the case of the reference method, prior to analysis the samples were analyzed directly, without prior treatment (Association of Official Analytical Chemists) 
Determination of copper in commercial samples of sugarcane spirit
Analysis was made of seven samples of sugarcane spirit brands commonly available in local supermarkets. The alcohol contents were determined using an alcohol densitometer, and each sample was analyzed by both methods, in quintuplicate, under the conditions described above (section 2.1.). For analysis using the reference method, the samples were analyzed directly, without prior treatment, and in the single phase procedure, an aliquot of 10.0 mL of each sample was transferred to a beaker, followed by addition of 15.0 mL of acetone.
Results and discussion
Phase diagram and determination of the proportions of solvents in the ternary system
The influence of the solvents was evaluated using the contours of the phase diagram (Figure 2) , as described by Arthur System 31, 32 . From the response surface curves, it can be seen that the absorbance increased from region "A" to region "I", according to the 
Analytical calibration curves
The calibration curves obtained for the reference and single phase methodologies are shown in Figure 3 . Comparison of the two analytical curves revealed that use of the single phase solution resulted in a significant gain in sensitivity, of 90.0% (calculated using the angular coefficients of the straight lines), relative to the reference method. This gain in sensitivity was due to improvement in the sample nebulization process caused by the presence of acetone, which increased the flame temperature of the FAAS system. This confirmed the advantages of the single phase methodology for the detection of copper at lower concentrations in sugarcane spirit.
Precision and accuracy of the method
The precision and accuracy of the determinations of copper using the reference and single phase methodologies were evaluated by spiking simulated samples of sugarcane spirit prepared in the laboratory. The alcohol content used was 50% (v/v), which was approximately equivalent to the average alcohol content of commercial products. Table 1 provides the recovery results, together with the associated standard deviations and analytical errors. ), the relative error obtained for both methodologies was within the acceptable range (≤5.0%). The accuracy of the single phase solution method was also satisfactory, with errors below 2.0% for copper concentrations between 1.00 and 5.00 mg L -1 . The proposed method therefore provided greater accuracy than the reference method, for which average relative errors were ≥ 2.0%, according to the Table 1 . The new method also showed standard deviation values below 0.1, while the values obtained for the standard method were between 0.11 and 0.22.
Application of the methodology in the determination of copper in samples of commercial sugarcane spirit
Seven commercial brands of sugarcane spirit available in supermarkets and specialized shops were used to compare the proposed single phase methodology with the reference method, according to the The results obtained by the proposed method showed good agreement with those obtained by the official method, according to the Table 2 . For all analyzed formulations, the results obtained by both methods were compared using t-tests at 95% confidence level. For all cases, calculated "t" values did not exceed the critical values, indicating that there was no significant difference between both methods in concerning precision and accuracy.
Considering that the determination of copper in sugarcane spirit is needed due to the toxicity of copper to the human organism, and that the quantities of the drink consumed in Brazil and elsewhere 35 are increasing, it should be noted that none of the samples analyzed contained copper at concentrations exceeding the limit established by Brazilian legislation (5.00 mg L -1 of copper) [17] . These results are indicative of satisfactory care and cleaning of the stills used to produce sugarcane spirit (for the brands analyzed). Nonetheless, the copper concentrations measured (using the reference method) in Sample 1 was 2.51 mg L -1 , respectively, which exceeded the acceptable limit of 2.00 mg L -1 established by the European Union 25 (which would make the products unsuitable for the export market).
Conclusions
The proposed method, using the addition of acetone to sugarcane spirit to produce a mixture of solvents, resulted in a significant 90% gain in sensitivity, relative to the reference method. This gain in sensitivity enables the quantification of lower concentrations of copper in sugarcane spirit. The reliability of the new method was satisfactory, since it provided good accuracy, and measurement stability. The values obtained for all of these parameters were superior to those achieved using the reference method. The use of a solvent consisting of a single phase solution of water-ethanol-acetone, in a ratio of 5.0:5.0:15.0 (v/v), offers significant advantages for the analysis of copper in samples of sugarcane spirit using flame atomic absorption spectrometry.
The commercial samples of sugarcane spirit analyzed did not contain levels of copper that exceeded the limit set by Brazilian legislation. Nonetheless, some of the samples contained copper at concentrations above the European Union limit value, and these products would therefore not be suitable for export.
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